安定結婚問題の近似可能性について (計算機科学の基礎理論 : 21世紀の計算パラダイムを目指して) by 盛田, 保文 et al.
Title安定結婚問題の近似可能性について (計算機科学の基礎理論 : 21世紀の計算パラダイムを目指して)
Author(s)盛田, 保文; 宮崎, 修一; 岩間, 一雄; ハルダースソン, マグナス




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
(Yasufumi Morita) – (Shuichi Miyazaki)
- (Kazuo Iwama) j $\text{ ^{ } ^{}*}$ ( $\mathrm{M}\mathrm{a}\mathrm{g}\mathrm{n}\text{\’{u}}_{\mathrm{S}}$ Halld\’orsson)





, $M$ $m$ $w$
, $M(m)=w,$ $M(w)=m$
. $M$ , $m$ $w$
, $m$ $M(m)$
$w$ , $w$ $M(w)$ $m$
, $(m, w)$ blocking pair .


















, $[4, 6]$ .
,
SMT (Sta-
ble Marriage with Ties) .
, .
$M$ $m$ $w$ ,
$m$ $M(m)$ $w$ (
, $m$ $w$ $M(m)$ ),
$w$ $M(w)$ $m$ )
1 (mm @raunvis $.\mathrm{h}\mathrm{i}$ .is)
$(m, w)$ blocking pair . block-







$\mathrm{S}\mathrm{M}\mathrm{I}(\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{b}\mathrm{l}\mathrm{e}$ Marriage with Incomplete
lists) . ,
blocking pair . $M$
$(7n, w)$ 3 ,
$(m, w)$ blocking pair . (i) $m$
$w$ . (ii) $m$








ble Marriage with Ties and Incomplete lists)
. , SMTI ,
SMTI
(MAX SMTI) $\mathrm{N}\mathrm{P}$
[7]. , MAX SMTI
. MAX SMTI $I$
, $M_{\max}$ ,
$M_{\min}$ .
, $\mathrm{H}_{M_{m\iota}}^{M_{\max}}n\leq 2$ [8]. , MAX
SMTI ,
1
. , MAX SMTI
2- [8].
MAX SMTI
, MAX SMTI PTAS
1148 2000 124-129 124
. , MAX
SMTI PTAS , ,
$\epsilon$ $(1+\epsilon)-$
. , MAX SMTI
,
2
. $[7, 8]$ , MIN egalitarian











. $x$ $P$ $N$ . opt $(x)$
$x$ , $T(x)$ $T$ $x$











1. $\mathrm{P}\neq \mathrm{N}\mathrm{P}$ , MAX SMTI $1+\epsilon$
$\epsilon$ .
$g$ $\beta$
( $0<\beta<1$ ) .
MAX $\mathrm{E}3\mathrm{S}\mathrm{A}\mathrm{T}(t)$
$f$ MAX SMTI $T(f)$ .
. $f$ ,
$T(f)$







. $f$ $n$ , $l,$ $f$ $i$
$C_{j}(1\leq j\leq l)$ . , $x_{i}$
$t_{i}$ . ( $t= \max\{t_{1},$ $t_{2},$ $\cdots,$ $tn\}$ . )
MAX $\mathrm{E}3\mathrm{S}\mathrm{A}\mathrm{T}(t)$ $f$ , MAX





(a): $C_{j}$ , 3 $a_{j},$ $a_{j}’$ ,
$a_{j}’’$ .
(b): $x_{i}$ , 2 $b_{i},$ $b_{i}’$
.
(c): $C_{j}$ xi( $\overline{x_{i}}$)
, $c_{i,j}$ .
(u): $x_{i}$ , $u_{i}$
.
(v): $x_{i}$ , $v_{i}$
.
(w): $C_{j}$ $x_{i}$ ( $\overline{x_{i}}$)
, 2 $w_{i,j’ j}^{10}w_{i}$, .
. MAX SAT .
MAX SAT , CNF ,
. MAX $\mathrm{E}3\mathrm{S}\mathrm{A}\mathrm{T}(t)$ , MAX
SAT , 3
, $t$
. $\mathrm{P}\neq \mathrm{N}\mathrm{P}$ , MAX $\mathrm{E}3\mathrm{S}\mathrm{A}\mathrm{T}(t)$ ,
$\alpha$ $t$ $1+\alpha$
$[1, 5]$ . , (
SAT )NP MAX $\mathrm{E}3\mathrm{S}\mathrm{A}\mathrm{T}(t)$
. SAT
$f$ MAX $\mathrm{E}3\mathrm{S}\mathrm{A}\mathrm{T}(t)$ $g$
. $f$ , $g$ .
, $f$ ,
$n$ , (b) $2n$ ,
(u) (v) $n$
. , $l$ , $3l$ ,




. ( $x_{2}$ 3







$C_{j}$ , (a) 3 $a_{j)}$
$a_{j}’,$ $a_{j}’’$ . $C_{1}=(x_{1}+\overline{x_{2}}+x_{3})$
3 $a_{1}$ , $a_{1}’$ , $a_{1}’’$
. $C_{1}$ $x_{1},$ $\overline{x_{9\sim}}$ , $x_{3}$
, 6 $w_{1,1}^{0},$ $w_{1,1}^{1},$ $w_{2,1}^{0},$ $w_{2,1)}^{1}w_{3,1}^{0}$ ,
$w_{3,1}^{\mathrm{i}}$ . $a_{1}$ , $w_{1,1)}^{10}ww^{1}2,1$) $\mathrm{s},1$
1 . $a_{j}$ ,
$x_{i}$
$w_{i,j}^{1}$ , $u$) $ij0$,
$\langle$ . $a_{1}’$ $a_{1}’’$ 6 1
. , $a_{j}$ $C_{j}$
1 .
, $f\mathrm{o}$ $x_{2}$ 2 $b_{2)}b_{2}’$
, (b)
. $b_{2}$ $u_{2}$ 2 . (
$f$ , 2 )
$b_{2}$ $v_{2}$ $t+4(=7)$ . $x_{2}$
$C_{1},$ $C_{2},$ $C_{3}’$ , 3 $w_{2,1}^{0},$ $w_{2,2}^{0}$ ,
$w_{2,3}^{0}$ . $b_{2}$ 3
3, 4, 5 . , $x_{i}$
$w_{i,j}^{0}$ $t_{i}$ . $b_{i}$
3 $(t_{i}+2)$
$\langle$ . $t_{i}\leq t$ , , $v_{i}$
$(t+4)$ .
$b_{2}’$ . $b_{2}’$ $u_{2}$
1 , $v_{2}$ $t+3(= 6)$ .
$x_{2}$ $C_{1},$ $C_{2},$ $C_{3}$ , 3 $w_{2,1)}^{1}$
$w_{2,2)}^{1}w_{2,3}^{1}$ . $b_{2}’$ 3
3, 4, 5 .
(c) .








. , – .
. $T(f\mathrm{o})$
1 . , $a_{1}$
, $c_{5,3}$ . ,
. $\alpha_{\beta,\gamma}^{\delta}$
, $\alpha,$ $\beta,$ $\gamma,$ $\delta$ . $\alpha$
, $a,$ $b,$ $c$ , $\beta,$ $\gamma$ ,
. $\delta$ , ’
.
,
. , $m$ $w$
, $w$ $m$
. , $w$
2 $m_{i}$ $m_{j}$ . (1) $m_{i}$











$w_{i}$ , $m_{j}$ $w_{j}$
. ) $(m_{i}, w_{j})$ 3
, , blocking pair
. (i) $m_{i}$ $u$) $i$ $w_{j}$ . (ii)
$m_{i}$ $m_{j}$ . (iii) $m_{i}$
$w_{j}$ $m_{j}$ $w_{j}$
. (ii) (iii)







1. $f$ , $T(f)$
.
. $f$ $A$ .
$A$ $x_{i}$ $A(x_{i})\in\{0,1\}$
. , $N$
$M$ . (b) ,
$A$ .
$A(x_{i})=0$ $M(b_{i})=v_{i},$ $M(b_{i}’)=u_{i}$
, $A(x_{i})=1$ $M(b_{i})=u_{i},$ $M(b_{i}’)=$




$M(c_{i},’)$ : $w_{i,j}0$ .
(a) . $C_{j}$




$w_{i,j}^{0}$ , $A(x_{i})=1$ $w_{i,j}^{1}$
. (a)
. $z_{i_{1}},$ $z_{i_{2}},$ $z_{i_{3}}$
126
( $z_{i_{k}}$ $x_{i_{k}}$ $\overline{x_{i_{k}}}$) $C_{j}$ . $C_{j}$
$A$ , 3
1 1 .







. - , $z_{i_{1}}=$ , $w_{i1_{)}j}^{0}$
, $a_{j}$
$w_{i_{1},j}^{0}$ . , $a_{j}$
. $C_{j}$ 2 $z_{i_{2}}$
$z_{i_{3}}$ .
2 . $A$ $x_{i_{2}}$ $x_{i_{3}}$
, – $w_{i_{2},j}^{0}$ $w_{i_{2)}j}^{1}$ ,






22 ${\rm Min}$ egalitarian SMT
$M$ , (
) $P$ $i$
, $p$ regret $i$ , regretM $(P)=$
$j$ . , $p$ $q_{3},$ $(q_{2}, q_{4}))q_{1}$
, $q_{2},$ $q_{4}$ .
$M$ $p$ $q_{3},$ $q_{2},$ $q_{4},$ $q_{1}$




, $\Sigma_{\mathrm{P}}$ regretM $(P)$
$M$ .
(MIN egalitarian $\mathrm{S}\mathrm{M}$ ) ,
[4].
,
(MIN egalitarian SMT) .
2. $\mathrm{P}\neq \mathrm{N}\mathrm{P}$ , $\epsilon$ ,
MIN egalitarian SMT $\epsilon N$ . (
)
2.3 MIN regret SMT
2. $T(f)$ $M$ ,








. , $n$ $f$ , $l$ $f$
. 2
, $2n\leq 3l$ .
$2n+6l\leq 9l$ . ,








, (i) , (ii)
$\delta$
, 2 $\mathrm{N}\mathrm{P}$





gret SMT . ( ,
)
3. $\mathrm{P}\neq \mathrm{N}\mathrm{P}$ , $\epsilon$ ,
MIN regret SMT $\epsilon N$ . ( )
3
MAX SMTI




















1. MAX SMTI , $(2- \frac{1}{N} )$-
.
32 MAX SMTI












5. $c$ $0<c<1$ . MAX SMTI$(k)$
, $k=cN$ $\mathrm{N}\mathrm{P}$ .
$N$ . ( )
6. $c$ $0<c<1$ . MAX SMTI$(CN)$
$I$ . $I$
) $|M|\geq cN$ . ( )

















7. $\epsilon$ $0<\epsilon\leq 1$ . MAX $\mathrm{S}\mathrm{M}\mathrm{T}\mathrm{I}[t]$
, $t=N^{\epsilon}$ $\mathrm{N}\mathrm{P}$ .
$N$ . ( )
8. MAX SMTI $[t]$ $I$ . $I$
$M_{\max}$ ,
$M_{\min}$ . , $|M_{\max}|-|M_{\min}|\leq t$
. ( )
8 , .




[1] S. Arora and C. Lund. “Hardness of Approx-
imations,” Chapter in the book Approxima-
tion Algorithms for $\mathrm{N}\mathrm{P}$ -hard problems, D.
Hochbaum editor, PWS Publishing, 1996.
[2] D. Gale and L. S. Shapley, “College admis-
sions and the stability of marriage,” Amer.
Math. Monthly, Vo1.69, pp.9-15, 1962.
[3] D. Gale and M. Sotomayor, $‘(\mathrm{S}\mathrm{o}\mathrm{m}\mathrm{e}$ remarks
on the stable matching problem,” Discrete
Applied Mathematics, Vol.11, pp 223-232, 1985.
[4] D. Gusfield and R. W. Irving, $‘(\mathrm{T}\mathrm{h}\mathrm{e}$ Stable
Marriage Problem: Structure and Algorithms,”
MIT Press, Boston, MA, 1989.
[5] J. $\mathrm{H}\circ \mathrm{a}\mathrm{s}\mathrm{t}\mathrm{a}\mathrm{d}$ , “Some optimal inapproximability
results,” Proc. STOC97, pp. 1-11, 1997.
[6] R. W. Irving, “Stable marriage and indiffer-
ence,” Discrete Applied $Mathemat\dot{l}cs$ , Vo1.48,
pp.261-272, 1994.
[7] K. Iwama, D. Manlove, S. Miyazaki, and Y.
Morita, “Stable Marriage with Incomplete Lists
and Ties,” Proc. ICALP’99, pp. 443-452, 1999.
[8] D. Manlove, R. W. Irving, K. Iwama, S. Miyazaki,
Y. Morita, $‘(\mathrm{H}\mathrm{a}\mathrm{r}\mathrm{d}$ Variants of Stable Mar-
riage,” Technical Report TR-1999-43, Com-
puting Science Department of Glasgow Uni-
versity, September 1999
128
1: $T(f_{0})$
$f_{0}=(x_{1}+\overline{x_{2}}+x_{3})(\overline{x_{1}}+x_{2}+x_{4})(x_{2}+\overline{x_{4}}+\overline{x_{5}})$
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